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Aim: The primary aim was to determine the prognostic significance of apoptosis in colorectal tumour cells and tumour-associated 
stroma. A secondary aim was to determine whether apoptosis was related to immune surveillance. 

Methods: Immunohistochemistry was performed using monoclonal antibodies recognising cleaved caspase-3 (CC3), cleaved poly 
(ADP-ribose) polymerase (PARP), p53, Bcl2, MHC-II, B cells (CD16), macrophages (CD68) and T cells (CD3), on a tissue microarray 
of 462 colorectal tumours. 

Results: Kaplan-Meier analysis demonstrated that patients with high expression of CC3 in the tumour or CC3 or cleaved PARP in 
tumour-associated stroma have a good prognosis. This suggests that tumour stroma is promoting tumourigenesis and that high 
levels of death within the stroma breaks this link. CC3 levels in the tumour correlated with cleaved PARP and MHC-II expression 
but not with CD16, CD68, CD3, p53 or Bcl2 expression. CC3 levels on tumour-associated stroma also correlated with cleaved 
PARP and MHC-II expression but not with CD16, CD68, CD3, p53 or Bcl2 expression. Tumour cells express MHC-II in response to 
IFN-y, suggesting that this may be one of the initiators of apoptosis within the good prognosis tumours. Although 73% of the 
MHC-ll-positive tumour had high levels of apoptosis, many tumours had high levels of apoptosis in the absence of MHC-II, 
implying that this is only one of many causes of apoptosis within tumours. On multivariate analysis, using Cox's proportional 
hazards model, tumour stage, vascular invasion and expression of CC3 in tumour-associated stroma were shown to be 
independent markers of prognosis. 

Conclusion: This study shows that a high level of apoptosis within colorectal tumour-associated stroma is an independent marker 
of good prognosis. 



One of the hallmarks of cancers is their ability to accumulate 
mutations that provides progressive and survival advantages as well 
as resistance to cell death mechanisms. (O'Connell et al, 2000; Mild 
et al, 2002; Mazelin et al, 2004; Watson et al, 2005; Dyer et al, 2007; 
Ullenhag et al, 2007; Krajewska et al, 2008; Hector and Prehn, 
2009; Yang et al, 2009). The interplay between the tumour and its 
associated stroma is complex. Recent studies have suggested that 
there is an autocrine link between the two promoting and driving 
tumourigenesis. In brief, cancer cells induce oxidative stress in 
adjacent fibroblasts and other stromal cells resulting in the 
production of reactive oxygen species (Balliet et al, 2011). Excessive 
reactive oxygen species drives an anti-oxidant defence in the 
adjacent tumour cells protecting them from apoptosis and also 



induces DNA damage and aneuploidy. Reactive oxygen species 
also induces autophagy leading to over production of recycled 
nutrients which then further drive anabolic growth of tumour cells. 
Heterotypic signalling in cancer-associated fibroblasts activates 
HIFla and NF-kB potentiating the autophagic cycle in the stroma 
(Lisanti et al, 2010). It is therefore unclear whether apoptosis 
within either the tumour or the associated stroma will confer either 
a good or bad prognosis. 

Furthermore, tumours express a range of stress-related 
molecules that alert the immune system to the danger, a process 
termed immune surveillance and one of the key mediators is 
interferon-gamma (IFN-y; Dunn et al, 2005; Nausch and 
Cerwenka, 2008; Waldhauer and Steinle, 2008). MHC-II 
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expression is induced on epithelial, endothelial and fibroblast cells 
and is upregulated on macrophages by IFN-y. MHC-II expression 
on tumour cells and within stroma may therefore be a good marker 
of immune surveillance. There is then a period of immune 
equilibrium where the transformed cells acquire further mutations 
and the immune system continuously adapts to combat this 
progression. Ultimately, during the process of 'immune editing' 
where the immune system is sculpting the tumour phenotype, the 
immune- resistant clones of tumour may emerge. One other 
consequence of immune editing is alteration of the tumour 
microenvironment, which becomes increasingly immunosuppres- 
sive (Watson et al, 2006b; Jordanova et al, 2008; Sica et al, 2008; 
McGilvray et al, 2009). 

Apoptosis mediated by either the intrinsic or extrinsic pathways 
results in cleavage of caspase-3 (CC3). Caspase-3 is rarely mutated 
in colorectal cancer (Soung et al, 2004) and is therefore an ideal 
marker for measuring apoptosis in these tumours. Furthermore, 
studies have validated the use of active caspase-3 staining as a 
marker for apoptosis (Sabine et al, 2012) The CC3 mAb used in 
this study has previously been shown to bind specifically to the 
cleaved fragment of capase-3 and not to the full-length protein by 
western blot (Cheong et al, 2003; Gamier et al, 2003; Thome et al, 
2012), as well as being validated for use with paraffin -embedded 
immunohistochemistry (Gown and Willingham, 2002; Patel and 
Krimm, 2010). Caspase 3 can also be cleaved by other proteases, 
and this does not always lead to activation. To further validate 
apoptosis within the tumour, cleavage of the caspase 3 substrate 
poly (ADP-ribose) polymerase (PARP), was also measured. This 
study aims to measure the level of apoptosis both within the 
stroma and in tumour cells and to correlate this with immune 
surveillance in a large cohort of colorectal cancers utilising high- 
throughput tissue microarray technology. 



MATERIALS AND METHODS 



Patient study and design. The study population comprised a 
series of 462 consecutive patients undergoing elective surgical 
resection of a histologically proven sporadic primary colorectal 
cancer at the University Hospital, Nottingham, UK (Table 1; 
Durrant et al, 2003; Watson et al, 2005; Watson et al, 2006a; 
Duncan et al, 2007; Ullenhag et al, 2007; McGilvray et al, 2009; 
Simpson et al, 2010). These patients were treated between 1 
January 1994 and 31 December 2000; this time period allowed 
meaningful assessment of the prognostic markers studied. All 
patients treated during this time-frame were considered eligible for 
inclusion in the study. Tumours were classified as mucinous 
carcinoma, when >50% of tumour volume consisted of mucin 
(Kakar et al, 2004). 

Clinicopathological variables for the patient cohort (n = 462). 

Only cases where the relevant pathological material was 
unavailable were excluded from the study. Follow-up was 
calculated from the time of resection of the original tumour with 
all surviving cases being censored for data analysis at 31 
December 2003, this produced a median follow-up of 37 months 
(range 0-116) for all the patients and 75 months (range 36-116) 
for survivors. 

A prospectively maintained database was used to record relevant 
clinicopathological data, with data provided from the UK Office for 
National Statistics; this was available in >99% of cases. The 
information collected was independently validated through case note 
review of deceased patients. Disease- specific survival (DSS) was used 
as the primary end point. Data were also collected on the various 
other relevant clinical and histopathological parameters 
(Supplementary Table SI). Adjuvant chemotherapy consisting of 
5-FU and folinic acid was reserved for those patients with positive 



Table 1. Numbers of tumour specimens negative and positive for CC3 
expression 



Marker 


Level of expression 


Number of 
specimens (%) 


CC3 


Tumour 




Low (0-60 cells mm 2 ) 


43 (13) 




High (61-max cells mm 2 ) 


314 (87) 




Total 


334 (100) 




Tumour-associated stroma 






Low (0-1 04 cells mm 2 ) 


178 (56) 




High (1 05-max cells mm 2 ) 


142 (44) 




Total 


320 (100) 


MHC-II 


Tumour 




Negative 


386 (94) 




Positive 


27 (6) 




Total 


413 (100) 




Tumour-associated stroma 






Negative 


213 (51) 




Positive 


202 (49) 




Total 


415 (100) 


Cleaved PARP 


Tumour 




Low 


183 (90) 




High 


23 (10) 




Total 


206 




Tumour-associated stroma 






Low 


189 (92) 




High 


16(8) 




Total 


205 


Abbreviations: CC3 = cleaved caspase-3; MHC-II = major histocompatibility class II; PARP = 
poly (ADP-ribose) polymerase. 



lymph nodes, although surgical and adjuvant treatment was at the 
discretion of the supervising physician. Sixteen (3%) patients 
received pre-operative radiotherapy treatment. Previous ethical 
review of the study was conducted by the Nottingham Local 
Research and Ethics Committee, who granted approval for the study. 

The median age at the time of surgery was 72 years, consistent 
with a median age at diagnosis of colorectal cancer of 70-74 years in 
the UK (Quinn et al, 2001). Sixty-nine (15%) tumours arrayed were 
TNM stage 1, 174 (38%) stage 2, 155 (34%) stage 3 and 54 (11%) 
stage 4; there were 3 cases of in situ disease. These figures are 
comparable with national figures for distribution of stage 1-4 at 
diagnosis of 11, 35, 26 and 29%, respectively (NICE, 2004). In all, 
52% of tumours were of colonic origin and 39% were of rectal origin, 
and in 9% of cases the site was not recorded. The majority of 
tumours (392, 85%) were adenocarcinomas and were most 
frequently of a moderate histological grade (353, 77%). Also, 128 
(28%) tumours were noted to have histological evidence of 
extramural vascular invasion, 224 (48%) had no evidence of vascular 
invasion and this information was not available in 110 (24%) cases. 

Patients had a median follow-up of 37 months (range 0-116). 
At the time of censoring for data analysis, 228 (49%) patients had 
died from their disease, 64 (14%) were deceased from all other 
causes and 169 (37%) were alive. The median 5-year DSS for the 
cohort was 58 months, comparable with a national average of 
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approximately 45% 5 -year survival for colorectal cancer in the UK 
(NICE, 2004). The size of the TMA allows illustration of survival 
differences of 10%. 

Specimen characteristics. All following resection were incised, 
fixed immediately in 10% neutral -buffered formalin and were 
embedded in paraffin wax, ensuring optimal tissue fixation and 
preservation for histological examination. Tissue microarrays were 
constructed as described previously (Kononen et al, 1998). 

Immunohistochemistry. Immunohistochemical analysis of CC3, 
cleaved PARP and MHC-II expression was performed using a 
routine streptavidin-biotin peroxidase method. Staining of the 
slides was carried out as described previously (Watson et al, 
2006a). The mouse monoclonal antibody specifically recognising 
the Aspl75 residue of CC3 (diluted 1 :200 overnight at 4°C; Cell 
Signalling Technology, Dan vers, MA, USA), anti-cleaved PARP 
antibody recognising Asp214 residue (diluted 1:100 for lh at 
room temperature; Cell Signalling) or anti-MHC-II mAb (diluted 
1 : 100 for 1 h at room temperature, HLA DP DQ DR clone WR18; 
AbD Serotec, Oxford, UK) were used after heat-mediated antigen 
retrieval with pH 9.0 EDTA buffer. 

Evaluation of CC3, cleaved PARP and MHC-II staining. The 

tumour cores were first imaged at x 20 (0.46 /mi pixel ~ J ) using a 
NanoZoomer 2.0-HT slide scanner (Hamamatsu, Bridgewater, NJ, 
USA). The cores were then assessed by two independent observers 
(PN and MV both with experience in the analysis of TMAs) in the 
Nanozoomer Digital Pathology viewer (Hamamatsu). CC3 and 
cleaved PARP expression in tumours were classified by measuring 
the area of tumour and tumour-associated stroma per core and 
counting the number of positively stained cells, giving a number of 
positively stained cells per mm area. Cells positive for CC3 or 
cleaved PARP showed homogenous staining and were considered 
positive when staining was observed. In cases of discrepancy, the 
cores were reassessed. Determination of the optimal cutoff points 
for CC3 and cleaved PARP -positive cells mm ~ 2 against DSS were 
performed by using X-tile bioinformatics software version 3.4.7 
(Camp et al, 2004). To avoid the problem of multiple cut point 
selection, the software performs standard Monte Carlo cross- 
validation to produce corrected P- values (Camp et al, 2004). MHC- 
II staining was classified into negative and positive staining in both 
tumour and tumour-associated cells, where any staining was 
considered as positive. Both observers were blinded to the clinical 
and pathological parameters. 

Statistical analysis. Statistical analysis of the study data was 
performed using the SPSS package (version 16 for Windows, SPSS 
Inc., Chicago, IL, USA). Pearson's j 1 test was used to determine the 
significance of associations between categorical variables. DSS 
calculations included all patients whose death related to colorectal 
cancer. By contrast, patients whose deaths resulted from non- 
colorectal cancer- related causes were censored at the time of death. 
Kaplan-Meier curves were used to assess factors that influenced 
survival. The statistical significance of differences in DSS between 
groups with differing CC3 and MHC-II expression was estimated 
using the log-rank test. The Cox's proportional hazards model was 
used for multivariate analysis in order to determine the relative risk 
and independent significance of individual factors. In all the cases, 
P- values < 0.05 were considered as statistically significant. 



extramural vascular invasion (log-rank = 44.30, P< 0.0001) but not 
with differentiation (log-rank = 5.75, P = 0.12). 

CC3 and cleaved PARP expression. Analysis of CC3 was possible 
in 334 of the total 462 cores (72%), with the remainder being lost 
during antigen retrieval or not demonstrating viable tumour cells 
in the core. Due to the large loss of cores, the clinicopathological 
data for the 334 samples was confirmed to be similar to the 
original cohort (Supplementary Table SI). Examples of CC3 
staining of tumour and tumour-associated stroma are demon- 
strated in Figure 1. The majority of staining was seen in the 
nucleus of both tumour and tumour-associated stromal cells. The 
majority of tumours had < 1000 cells mm -2 of CC3-positive 
tumour cells and < 2000 cells mm ~ 2 in tumour-associated 
stroma. There were 43 (13%) samples that had a low level of 
CC3 in tumour cells (0-60 cells mm ~ 2 ) and 178 (56%) of samples 
that had a low level of CC3 expression in the tumour- associated 
stroma (0-104 cells mm -2 ; Table 1). 

The anti-CC3 monoclonal antibody recognises the Asp 175 
residue of cleaved caspase 3 but does not discriminate between 
active caspase 3 and cleaved caspase- 3 generated by other 
proteases, such as calpains. To try and confirm that it was active 
caspase-3 that was being measured, the TMA was also stained for 
cleaved PARP. Examples of cleaved PARP staining of tumour and 
tumour- associated stroma are demonstrated in Figure 1. The 
majority of staining was seen in the nucleus of both tumour and 
tumour- associated stromal cells. The mean number of cleaved 
PARP -positive cells was 45 cells mm -2 in the tumour and 




v 




RESULTS 



Clinical and pathological data. The clinicopathological features 
of the 462 cases included in the present study are shown in 
Supplementary Table SI. Examination of the standard clinico- 
pathological features identified the expected associations between 
DSS and TNM stage (log-rank = 21 1.37, P<0.0001), DSS with 



Figure 1. Representations of staining with CC3, cleaved PARP and 
MHC-II. Samples depicting (A) CC3 staining of tumour, (B) CC3 staining 
of stroma (C) MHC-II staining of tumour (D) MHC-II staining of stroma 
(E) cleaved PARP staining of tumour, (F) cleaved PARP staining of 
stroma. Resolution of images is 0.46 ^m pixel ~ 1 . Embedded scale bar 
represents 300 ^m. 
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18 cells mm -2 in the stroma. This was lower than the mean levels 
of CC3 observed (277 cells mm ~ 2 in the tumour and 
257 cells mm -2 in the stroma), supporting the idea that CC3 was 
generated by a variety of proteases. There were 92% of samples that 
had a low level of cleaved PARP in tumour cells (CC3 expression 
was 13%) and 70% of samples (CC3 expression was 56%) had a low 
level of PARP expression in the tumour-associated stroma 
(Table 1). 

Markers of apoptosis and inflammation: Bcl2, p53, CD3, CD68, 
CD 16 and MHC-II expression. This array has previously been 
stained for the presence of stromal and intratumoural T, NK and 
macrophages cells using the CD3, CD68 and CD 16 markers, with 
an increased level of intratumoural T cells correlating with a good 
survival (Simpson et al, 2010). Expression of Bcl2 and p53 have 
previously been reported (Watson et al, 2005). As a marker of IFN- 
y-induced activation, expression of MHC-II on tumour cells and 
stroma- associated cells was measured. It was possible to measure 
MHC-II expression in 413 of the total 462 cores (89%), with the 
remainder being lost during antigen retrieval or not demonstrating 
viable tumour cells in the core. Examples of MHC-II staining of 
tumour and tumour-associated stroma are demonstrated in 
Figure 1. The majority of cores were negative for MHC-II 
expression in tumour cells (386 negative, 27 positive); 213 cores 
were negative for tumour-associated stroma staining, with 202 
showing positive staining for MHC-II (Table 1). 

Relationship between CC3, cleaved PARP and MHC-II expres- 
sion and standard clinicopathological variables. The relationship 
between CC3, cleaved PARP and MHC-II expression in tumour 



and tumour- associated stroma and standard clinicopathological 
variables and markers of immune activation was measured using 
the Pearson's j 1 test (Table 2). Expression of CC3 and MHC-II in 
the tumour associated significantly with TNM stage (P = 0.047 and 
0.007, respectively) and the presence of distant metastases 
(P = 0.047, 0.005, respectively). Cleaved PARP in both the tumour 
and stroma correlated with TNM stage (P> 0.001 for both) and 
cleaved PARP within stroma, with distant metastases (P = 0.005). 
There was no correlation between the expression of CC3, cleaved 
PARP or MHC-II in tumour-associated stroma with any standard 
clinicopathological variables, including stage (Table 2). 

Relationship between CC3, cleaved PARP and MHC-II expres- 
sion and markers of immune activation and apoptosis. The 

immune system, and in particular the presence of T cells, has been 
shown to have strong prognostic significance in colorectal cancer. 
IFN-y, produced by immune cells, has been shown to have a 
central role in immune surveillance. It induces MHC-II expression 
on tumour cells and upregulates expression on stromal cells. The 
relationship between CC3 and MHC-II expression in tumour and 
tumour- associated stroma and markers of immune activation was 
therefore measured using the Pearson's j 1 test. Expression of CC3 
in the tumour associated significantly with MHC-II expression in 
tumour cells (P = 0.008; Table 2) but not with the number of 
CD68-, CD16- or CD3-positive cells or Bcl2 or p53. There was no 
correlation between the expression of CC3 in tumour-associated 
stroma with the number of CD68-, CD 16- or CD3-positive cells or 
Bcl2 or p53. However, there was a significant correlation with 
stromal expression of MHC-II (P = 0.020; Table 2). 



Table 2. Univariate analysis of patient and tumour in relationship to active caspase 3 expression in tumour and tumour-associated stroma 



~1 























x 2 


test (P value) 








CC3 expression 


Cleaved PARP 


MHC-II expression 


Variable 


Tumour 


Tumour-associated 
stroma 


Tumour 


Tumour-associated 
stroma 


Tumour 


Tumour-associated 
stroma 


Gender 


0.832 


0.579 


0.427 


0.524 


0.116 


0.656 


Tumour site 


0.729 


0.364 


0.884 


0.410 


0.757 


0.058 


Tumour grade 


0.196 


0.266 


1.000 


0.255 


0.036 


0.190 


Duke's stage 


0.026 


0.298 


0.288 


0.844 


0.157 


0.706 


TNM stage 


0.047 


0.462 


> 0.001 


> 0.001 


0.007 


0.969 


Distant metastases 


0.005 


0.188 


1.000 


0.005 


0.237 


0.989 


Extramural vascular invasion 


0.775 


0.368 


0.392 


0.604 


0.249 


0.049 


Stromal MHC-II expression 


0.151 


0.020 


0.005 


0.011 






Tumoural MHC-II expression 


0.008 


0.347 


0.959 


1.000 






CD3 — intratumoural 


0.557 


0.525 


0.525 


0.297 


0.002 


0.002 


CD3 — tumour-associated stroma 


0.821 


0.569 


0.569 


0.651 


0.001 


0.001 


CD16 


0.762 


0.490 


0.490 


0.522 


0.002 


0.004 


CD68 


0.631 


0.313 


0.313 


1.000 


0.865 


< 0.001 


p53 


0.616 


0.919 


0.919 


0.379 


0.069 


0.394 


Bcl-2 


0.681 


0.290 


0.290 


0.486 


0.362 


0.145 


CC3 tumour 




0.221 


> 0.001 


> 0.001 






CC3 tumour-associated stroma 


0.221 




0.218 


> 0.001 






Cleaved PARP tumour 








> 0.001 






Cleaved PARP tumour-associated 
stroma 






> 0.001 








Abbreviations: CC3 = cleaved caspase-3; MHC-II = major histocompatibility class II; PARP = poly (ADP-ribose) polymerase; TNM=Tumor, Node, Metastasis. P values <0.05 are indicated in bold. 
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Expression of MHC-II in the tumour associated significantly 
with the expression of CD3 T cells either within the tumour 
(P = 0.002; Table 2) or within the stroma (P = 0.001; Table 2) and 
the expression of CD16-positive cells (macrophage and NK cells: 
P = 0.002; Table 2) but not with the number of CD68-positive cells 
or Bcl2 or p53. Expression of MHC-II in the tumour-associated 
stroma was significantly associated with the expression of CD3 T 
cells either within the tumour (P = 0.002; Table 2) or within the 
stroma (P = 0.001; Table 2), the expression of CD16-positive cells 
(macrophage and NK cells; P = 0.004; Table 2) and with the 
number of CD68-positive cells (macrophages; P = 0.001; Table 2) 
but not with Bcl2 or p53. No correlation between CC3 or MHC-II 
in tumour or tumour-associated stroma was observed with 
microsatellite instability. 

Expression of cleaved PARP in the tumour correlated 
significantly with CC3 within the tumour (P = 0.001; Table 2), 
MHC-II (P = 0.005) and CD68 (P = 0.001) but not with Bcl2, p53, 
CD3 or CD 16. Expression of PARP in tumour-associated stroma 
associated significantly with CC3 in the stroma (P= 0.001) and 
with MHC-II in tumour- associated stroma (P = 0.011) but not 
with Bcl2, p53, MHC-II, CD3, CD68 or CD16. 

Relationship between CC3, cleaved PARP and MHC-II expres- 
sion and survival. Kaplan-Meier plots were used to analyse the 
relationship between the expression of CC3, cleaved PARP and 
MHC-II with DSS. Figure 2A and Table 3 demonstrate that 
patients with a higher level of tumour CC3 expression have a 
greater mean survival (P = 0.029; 73 months) than those with a 
lower level of CC3 expression (53 months). This is echoed in 
tumour-associated stroma with a higher expression having a 
greater mean survival (P = 0.009, 79 mean months vs 63 months; 
Figure 2B). When tumour cell expression of CC3 cells was 
compared with tumour- associated stromal cell expression, patients 
who showed low CC3 expression in tumour and tumour-associated 
stroma had the worst survival (43 months), whereas patients with 
high CC3 expression in tumour and tumour-associated stroma 
displayed the best survival (80 months; P = 0.009). Patients with 
high tumour and low tumour- associated stromal CC3 expression 
or patients with low tumour and high tumour- associated stromal 
CC3 expression had similar survival rates (66 and 71 months, 
respectively; Figure 2C). 

To confirm that the improved prognosis with high levels of CC3 
related to active caspase 3 and apoptosis, cleaved PARP was 
measured and correlated with DSS. Although not significant 
(P = 0.351; Figure 3C, Table 3) levels of cleaved PARP in the 
tumour showed a similar trend to CC3 expression, with patients 
with higher levels of cleaved PARP having an improved prognosis. 
As with CC3 expression, patients with high levels of cleaved PARP 



in tumour-associated stroma had a significantly (P = 0.043; 
Figure 3D, Table 3) better survival than patients with low levels 
of cleaved PARP in tumour- associated stroma (survival of 84 and 
69 months, respectively). 



Table 3. M 


ean survival of patients 




Marker 


Level of expression 


Mean survival 
(months) 


CC3 


Tumour 




Low 


53 




High 


73 




Tumour-associated stroma 






Low 


63 




High 


79 




Tumour vs tumour-associated stroma 






Low tumour/low tumour-associated 
stroma (0) 


43 




Low tumour/high tumour-associated 
stroma (1) 


71 




High tumour/low tumour-associated 
stroma (2) 


66 




High tumour/high tumour-associated 
stroma (3) 


80 


MHC-II 


Tumour 




Negative 


71 




Positive 


85 




Tumour-associated stroma 






Negative 


69 




Positive 


75 


Cleaved PARP 


Tumour 




Low 


70 




High 


79 




Tumour-associated stroma 






Low 


69 




High 


84 


Abbreviations: CC3 = cleaved caspase-3; MHC-II — major histocompatibility class II; PARP = 
poly (ADP-ribose) polymerase. 




"-i 1 1 1 1 1 H H 1 1 1 1 1 H H 1 1 1 1 1 H 

0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120 

Survival from operation date Survival from operation date Survival from operation date 
(months) (months) (months) 



Figure 2. Kaplan-Meier plot for disease-specific survival relative to CC3. (A) Low CC3 expression in tumour cells (Low) vs high CC3 expression in 
tumour cells (High; P= 0.029). (B) Low CC3 expression in tumour-associated stroma (Low) vs high CC3 high expression in tumour-associated 
stroma (High; P= 0.009). (C) Groups of low CC3 expression in both tumour and tumour-associated stroma (0), low CC3 expression in tumour, high 
expression in tumour-associated stroma (1), high CC3 expression in tumour, low expression in tumour-associated stroma (2) and high CC3 
expression in both tumour and tumour-associated stroma (3); P = 0.009. Where tumour low/high = 0-60/61-max cells mm -2 and tumour- 
associated stroma low/high = 0-1 04/1 05-max cells mm " 2 . 
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Negative 
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P=0.103 
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P=0.214 
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(months) 
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Survival from operation date 
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Figure 3. Kaplan-Meier plot for disease-specific survival relative to 
MHC-II and cleaved PARP. (A) MHC-ll-negative expression in tumour 
cells (Negative) vs MHC-ll-positive expression in tumour cells (Positive; 
P = 0.103). (B) Negative MHC-II expression in tumour-associated 
stroma (Negative) vs positive MHC-II expression in tumour-associated 
stroma (Positive; P=0.214). (C) Low cleaved PARP expression in tumour 
cells (Low) vs high cleaved PARP expression in tumour cells (High; 
P=0.315). (D) Low cleaved PARP expression in tumour-associated 
stroma (Low) vs high cleaved PARP expression in tumour-associated 
stroma (High; P = 0.043). 



A sub -analysis of colon vs rectal cancer cases revealed that the 
survival advantage was predominantly in the rectal cancer group, 
with high expression of CC3 in either the tumour (P = 0.026) or 
tumour-associated stroma (P = 0.01) correlating with a good 
prognosis (data not shown). By contrast, most of the colonic 
tumours had low CC3 levels. This may have been related to pre- 
operative radiotherapy for rectal cancer but 13 out of 181 rectal 
tumours were irradiated in this historic series of rectal tumours. If 
the irradiated tumours were excluded, the high expression of CC3 
in rectal tumour-associated stroma still correlated with good 
prognosis (P = 0.007); however, the high expression of CC3 in 
colorectal tumour, although showing the same trend, just failed to 
reach significance (P = 0.064). 

Figures 3C and D and Table 3 demonstrate that the level of 
MHC-II expression in either the tumour or tumour-associated 
stromal cells had no significant influence on patient survival 
(P = 0.103 and 0.214). 

Multivariate analysis of CC3 expression and standard clinico- 
pathological variables. In order to determine the relative 
influences of CC3 and cleaved PARP and other variables known 
to affect prognosis, a multivariate analysis was performed using the 
Cox's proportional hazards model. The variables included were 
those that have been shown to be significantly related to DSS on 
univariate analysis (extramural vascular invasion and TNM stage). 
In combination with CC3, cleaved PARP and MHC-II in both the 
tumour and stroma, only TNM stage (95% CI 1.496-4.196; 
P> 0.001) and low expression of CC3 in tumour-associated stroma 
(95% CI 0.229-1.003, P = 0.05) retained independent prognostic 



significance (Table 4A). Previous studies in our group have shown 
that both the presence of intratumoural T cells and reduced MHC- 
I expression are independent prognostic factors (Simpson et al, 
2010). Multivariate analysis was therefore performed to see 
whether tumour-associated stroma CC3 expression was indepen- 
dent of these factors and TMN stage and vascular invasion. 
Analysis showed that only tumour-associated stroma CC3 
expression (P = 0.005) and TNM stage (P<0.001) retained their 
independent prognostic significance (Table 4B). 



DISCUSSION 



Cancer involves a complex interaction between tumour cells, 
surrounding stromal cells and immune cells. Perturbation of this 
complex relationship can lead to tumour cell apoptosis. However, 
resistance to apoptosis has been shown to be a key factor in tumour 
progression. 

It may be logical to consider that higher levels of apoptosis in a 
tumour could lead to a better prognosis. However, the properties of 
apoptotic cells and their ability to affect the inflammatory nature of 
the tumour microenvironment can also provide a drive towards 
tumourigenesis (Gregory and Pound, 2010). This, and contra- 
dictory results from previous studies, means the value of apoptosis 
as a prognostic marker remains unclear (Koornstra et al, 2003). 
The majority of early studies used transferase-mediated nick end 
labelling (TUNEL) to detect fragmented DNA in apoptotic cells. 
The TUNEL method has two main disadvantages: first the labelling 
of DNA fragments also marks necrotic and autolytic cells (Gown 
and Willingham, 2002), and second, the method requires pre- 
treatment steps, which can be a source of variation between studies. 

In this study, we have shown that high levels of CC3 both within 
tumour and surrounding stromal cells correlates with good 
prognosis. Furthermore, CC3 expression within stromal cells was 
an independent prognostic marker. These findings are in 
concurrence with other studies. A low level of CC3 activity in 
the tumour correlated with a greater risk of recurrence in 117 stage 
III rectal cancer patients (de Heer et al, 2007). A lower level of 
caspase-3 activation, measured by western blots, in the tumours of 
60 colorectal cancer patients significantly correlated with a greater 
risk of recurrence (Jonges et al, 2001). Increase in caspase-3 activity 
with cancer progression has also been suggested (Leonardos et al, 
1999). In their study, Koelink et al (2009) measured the caspase-3- 
degraded antigen M30 and found that a greater than median level 
of caspase activity in tumour- associated stroma correlated with 
increased survival in 211 colorectal cancer patients (Koelink et al, 
2009). Procaspase 3 can be cleaved by proteases such as calpains 
that generate similar cleavage products but which do not activate 
caspase 3 (Blomgren et al, 2001). To determine whether the CC3 
measured was active caspase, we also stained for cleavage of a 
caspase 3 substrate PARP. The level of PARP cleavage was lower 
than CC3, suggesting that perhaps some of the CC3 cleavage was 
related to other protease activity. However, there was a strong 
correlation between the two products, suggesting that there was a 
correlation with apoptosis. Furthermore, high cleaved PARP 
within tumour stroma also correlated with a good prognosis. 

In our study, we also found that CC3 expression in the tumour 
and tumour-associated stroma correlates with the level of MHC-II. 
This may be related to the expression of IFN-y as this is the only 
agent that can upregulate expression of MHC-II on epithelial cells 
(Giroux et al, 2003). It has been shown that transformation induces 
stress -related molecules, which are recognised by innate immune 
cells with the subsequent release of IFN-y (Dunn et al, 2005). The 
strong correlation between MHC-II on tumours and CD3, CD 16 
and CD68 expression suggests that IFN-y may be produced by T 
cells, NK cells and Ml macrophages. The correlation between CC3 
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Table 4. Cox multivariate regression analysis of variables in relation to 
disease-specific survival 



(A) 


Variable 


Hazard ratio 


95% CI 


P value 


Vascular invasion status 


Negative 
Positive 


1 

1.191 


0.764-2.885 


0.244 


TNM stage 


0-1 1 
lll-IV 


1 

2.506 


1.496-4.196 


< 0.001 


CC3 tumour 


Low 
High 


1 

0.808 


0.341-1.917 


0.629 


CC3 tumour-associated stroma expression 


Low 
High 


1 

0.479 


0.229-1 .003 


0.051 


Cleaved PARP tumour 


Low 
High 


1 

1.205 


0.394-3.687 


0.744 


Cleaved PARP tumour-associated stroma expression 


Low 
High 


1 
0 


0 


0.975 


MHC-II tumour 


Negative 
Positive 


1 

0.464 


0.104-2.079 


0.315 


MHC-II tumour-associated stroma 


expression 




Negative 
Positive 


1 

1.110 


0.716-1.722 


0.640 


(B) 


Vascular invasion status 


Negative 
Positive 


1 

0.638 


0.394-1.034 


0.068 


TNM stage 


0-1 1 
lll-IV 


1 

3.733 


2.141-6.506 


< 0.001 


ITTC 


Low 
High 


1 

1.310 


0.825-2.080 


0.253 


MHC-I 


Low 
High 


1 

0.549 


0.219-1.376 


0.201 


CC3 tumour-associated stroma expression 


Low 
High 


1 

0.490 


0.299-0.804 


0.005 


Abbreviations: CC3 = cleaved caspase-3; CI = confidence interval; ITTC = intratumoural T 
cells; MHC = major histocompatibility class ; PARP = poly (ADP-ribose) polymerase; TNM = 
Tumor, Node, Metastasis. 



and MHC-II suggests that IFN-y may be responsible for some of 
the tumour cell apoptosis and good prognosis. This is supported by 
previous studies showing that the stress -related protein MICA 
(Watson et al, 2006b) and intratumoural T cells are markers of 
good prognosis in colorectal cancer (Simpson et al, 2010). 
Although 73% of the MHC-II-positive tumours and tumour- 
associated stroma expressed high levels of CC3/cleaved PARP, 
there were many tumours with high levels of apoptosis that did not 
express MHC-II suggesting other factors were key drivers of 
apoptosis in these tumours. 

Cancer-associated fibroblasts have been shown to facilitate 
colorectal tumour progression by secreting growth factors and 
proteases that stimulate tumour growth, migration and angiogen- 
esis (Olumi et al, 1999; Adegboyega et al, 2002; Tsujino et al, 2007; 
Schoppmann et al, 2012; Servais and Erez, 2013). More recent 
studies have suggested that stromal and tumour cells co-operate to 
promote each other's survival (Lisanti et al, 2010; Balliet et al, 
2011). Thus, cancers that express low levels of CC3 in both the 
tumour itself and its associated stroma are most aggressive and 
lead to a poor prognosis (median survival 43 months). However, if 
the tumour grows too rapidly, it could compete with the stroma for 
nutrients and oxygen resulting in stromal death and consequently 
tumour death. Thus, tumours with high CC3 levels in both their 
tumour and stroma have less aggressive tumours and better 
prognosis (median survival 80 months). 

The independent significance of apoptosis in tumour-associated 
stroma in colorectal cancer suggests that tumour microenviron- 
ment-targeted therapy may be beneficial. The anti-VEGFA mAb 
bevacizumab is approved for treatment of colorectal cancer (Van 
Meter and Kim, 2010) and the DNA vaccine targeted at the cancer- 
associated fibroblast marker fibroblast- activation protein has 
shown promising results in a murine model (Wen et al, 2010). 

In conclusion, our study has shown that high expression of CC3 
in tumours correlates with good prognosis. High expression of 
CC3 in tumour-associated stroma also resulted in good prognosis 
and is an independent prognostic factor in colorectal cancer. This 
may be because apoptosis in the tumour-associated stroma reduces 
tumour-promoting signals and therefore limits cancer progression. 
This study further highlights the importance of tumour-associated 
stroma in colorectal cancer as a possible new therapeutic target. 
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